The mechanism and the region of generation of variable continuum emission are poorly understood for radio-loud AGN because of a complexity of the nuclear region. Highresolution radio VLBI (very long baseline interferometry) observations allow zooming into a subparsec-scale region of the jet in the radio-loud galaxy 3C 390.3. We combined the radio VLBI and the optical data covering the time period of 14 years to look for a link between optical flares and parsec-scale jet. We identify two stationary and nine moving radio features in the innermost subparsec-scale region of the jet. All nine ejections are associated with optical flares. We found a significant correlation (at a confidence level of > 99.99%) between the ejected jet components and optical continuum flares. The epochs at which the moving knots pass through the location of a stationary radio feature and the optical light curve reaches the maximum are correlated. The radio events follow the maxima of optical flares with the mean time delay of 0.10 ± 0.04 years. This correlation can be understood if the variable optical continuum emission is generated in the innermost part of the jet. A possible mechanism of the energy release is the ejection of knots of high-energy electrons that are accelerated in the jet flow and generate flares of synchrotron continuum emission in the wide range of frequencies from radio to X-ray bands. In this scenario, the beamed optical continuum emission from the jet and counterjet ionizes a gas in a subrelativistic outflow surrounding the jet, which results in a formation of two outflowing conical regions with broad emission lines (in addition to the conventional broad line region around the central nucleus).
INTRODUCTION
The variable continuum flux in AGN, signaling the activity of the central engine, is detected throughout the entire electromagnetic spectrum, on time-scales from days to years Zheng 1996; Wamsteker et al. 1997; Shapovalova et al. 2001) . The bulk of the continuum flux is believed to be generated in the accretion disk and is responsible for ionizing the cloud material in the broad-line region (BLR). Localization of the source of the variable continuum emission in AGN is instrumental for understanding ⋆ E-mail: tigar@mpifr-bonn.mpg.de (TGA) the mechanism for release and transport of energy in active galaxies. In radio-quiet AGN, representing about 90 % of the AGN population, the presence of rapid X-ray flux variations and iron emission line (Fe Kα) indicates that most of the soft X-ray emission originates from the accretion disk (Mushotzky et al. 1993 ). In radio-loud AGN, the activity of the central engine is accompanied by highly-relativistic collimated outflows (jets) of plasma material formed and accelerated in the vicinity of the black hole (Ferrari 1998) . Inhomogeneities in the jet plasma appear as a series of compact radio knots (jet components) observed on scales ranging from several light weeks to about a kiloparsec (Alef et al. 1996 ; Kellermann et al. 2004 ). .. of the lowest contour shown at 0.6 mJy/beam. The labels mark three stationary features (D, S1 and S2) and a subset of moving components (C2-C6) identified in the jet. Note that six more components, C7-C12, have been first identified in the jet in the VLBA images at later epochs (see Fig. 2 ).
The unification scheme (Urry & Padovani 1995) of radio-loud AGN suggests that the optical continuum associated with the accretion flows and broad emission lines are viewed directly in radio-loud quasars and BL Lacertae objects (BL Lacs). The Doppler boosted continuum emission from the relativistic jet may dominate at all energies in BL Lacs (see Ulrich et al. 1997; Worrall 2005) , suggesting that the continuum variability in radio-loud AGN is related to both the jet and the instabilities of accretion-disk flows (Mushotzky et al. 1993; Ulrich et al. 1997 ). In radioloud quasars, the beaming of continuum emission is less but optical synchrotron radiation from the core of the jet (3C 273; Soldi et al. 2008) can be still significant. In radioloud galaxies the emission from accretion disk or hot corona can be hidden by an obscuring torus, and hence, the bulk of the optical continuum and broad-line emission in radio galaxies can be attributed to the relativistic jet rather than the central engine if the boosted jet-emission is still strong, i.e. the jet is intrinsically luminous and highly relativistic.
The presence of a positive correlation between beamed radio luminosity of the jet and optical nuclear luminosity in the sample of radio galaxies suggests that the optical emission is non-thermal and may originate from a relativistic jet (Chiaberge et al. 1999 (Chiaberge et al. , 2002 Hardcastle & Worrall 2000) . In radio-loud quasars, there is evidence for a variable synchrotron optical flare generated around the radio core of PKS 0420-014 (D' Arcangelo et al. 2007 ) and in the innermost ≈ 0.2 pc region of the jet in BL Lac (Marscher et al. 2008) . A correlation between ejection of superluminal knots and dips in the X-ray emission was reported for the radio galaxy 3C 120 (Marscher et al. 2002) . Evidence for correlated radio and optical variations has been reported for several AGN with time lags up to few hundreds days (Hanski et al. 2002) . The detection of a correlation between variability of the continuum flux and changes in the radio structure in a radio galaxy on subparsec-scales would be the most direct evidence of optical continuum emission coming from the jet. We combine the results from monitoring of the double-peaked broad line radio-loud galaxy 3C 390.3 (redshift z = 0.0561) in the optical from 1992 to 2008 time period (Shapovalova et al. 2001; Sergeev et al. 2002, Shapovalova et al, in preparation) , UV (Zheng 1996) , and X-ray (Leighly et al. 1997; Gliozzi et al. 2006 ) regimes with 21 VLBI observations of its radio emission made from 1994 to 2008 as part of the 15 GHz VLBA 1 survey (Kellermann et al. 2004 ) and our VLBA observations during the time period from 2005 to 2008.
In Sect. 2, we analyze the structure and kinematics of the pc-scale jet in 3C 390.3. Correlations between properties of the compact jet and nuclear optical emission on scales less than one parsec are analyzed in Sect. 3. Variable radio emission from stationary components of the jet is discussed in Sect. 4, and the identification of these stationary components is discussed in Sect. 5. In Sect. 6, we discuss possible radiation mechanism acting in the nuclear region of 3C 390.3.
STRUCTURE AND KINEMATICS OF THE PARSEC-SCALE JET
To parameterize the structure of the radio emission, we applied the technique of modelfitting (Pearson 1997 ) and fit Columns are as follows: (1) interferometric visibility amplitudes and phases from each of the 21 VLBA datasets by a set of two-dimensional, circular Gaussian features (shaded circles in Fig. 1 ). Similar fits have been obtained for 17 observations from the 15 GHz VLBA survey database (Kellermann et al. 2004 ) and for four our observations with the VLBA at 15 GHz, for the purpose of cross-identifying and tracing different features in the jet (Table A1 in the Appendix A). We use the positions and flux densities of these components for tracing the evolution of the jet emission on angular scales of ∼ 3 milliarcseconds (mas). At the distance of 3C 390.3, 1 mas corresponds to a linear distance of 1.09 pc for the flat ΛCDM cosmology with the Hubble constant H0 = 70 km s −1 Mpc −1 and the matter density Ωm = 0.3.
Based on the separations, sizes and flux densities of the Gaussian components located within 3 mas of the feature D at the narrow end of the jet (Fig. 1) , we identified nine moving components C4-C12 (in addition to the previously known components C2 and C3; Alef et al. 1996) and two stationary features S1 and S2 separated from D by (0.28±0.03) mas and (1.50±0.12) mas, respectively (Fig. 2) . Note that two innermost components D and S1 are spatially resolved and their flux densities are uncorrelated (see Appendix A). The more distant stationary feature S2 is probably related to a small change in the direction of the flow that causes the relativistic brightening of the radio emission (Gómez et al. 1997) . The presence of S1 may be related to both geometrical and physical factors. Recent results from close VLBI monitoring of a sample of parsec-scale jets ) imply that such stationary features are likely to be common in compact relativistic flows.
Proper motions of (0.2 to 0.5) mas/yr (which correspond to apparent speeds of (0.7 to 1.6) c, where c is the speed of light) are estimated from linear fits to the observed separations of the components C4-C12 from the component D (Table 1) . Resolution of the VLBA data at 15 GHz is not sufficient for detecting moving components at locations between D and S1, since D and S1 are strong, unresolved features separated by less than one beamwidth, while the moving features are less prominent and more extended. High frequency VLBI observations are required to study these angular scales in 3C 390.3. Back-extrapolation of the fits for C5 and C6 indicates that these two components may originate from a single event. They could result from a moving perturbation in the jet that creates a forward and a reverse shock pair (Gómez et al. 1997) or trailing features behind a strong relativistic shock (Gómez et al. 2001; Agudo et al. 2001) . We use the linear fits to estimate, for each moving component, the epoch, tD, at which it was ejected from the component D and the epoch, tS1, when it passed through the location of the stationary feature S1 (see Table 1 , Figs. 2 and 3). For C12 component, these epochs are estimated using the mean slope of the best-fits of eight components (C4-C11).
LINK BETWEEN SUBPC-SCALE JET AND VARIABLE OPTICAL CONTINUUM EMISSION
Optical fluxes and its errors measured at 5100Å (rest frame) from observations of 3C 390.3 between 1995 to 1999 ( Fig. 3 ; red squares) are published in Shapovalova et al. (2001) and Sergeev et al. (2002) . During the time period from 2000 to 2007, spectra of 3C 390.3 (97 nights) were taken with the 6 m and 1 m telescopes of the Special Astrophysical Observatory of Russian Academy of Sciences (SAO RAS, Russia) and at the 2.1 m telescope of the "Guillermo Haro Observatory" at Cananea, Sonora (México), respectively. Long-slit spectrographs, equipped with CCD detector arrays, were used to cover the typical wavelength interval from 4000Å to 7500Å with spectral resolution between 5Å and 15Å and the signal-to-noise ratio >50 in the continuum near Hα and Hβ emission lines. The uncertainty in our flux determinations for the continuum is <3 %. Detailed description of the method and measurements of optical fluxes are given in Shapovalova et al. (2001) . Optical continuum fluxes measured at 5100Å between 2000 and 2007 are presented in the Table 2 (for a full table see Shapovalova et al. 2001; Sergeev et al. 2002) , UV continuum fluxes (Zheng 1996) scaled by a factor of 50 (grey squares), and variations of radio flux density from D and S1 components (filled cyan diamonds and circles) are presented. The times of ejection, t D , of radio knots from D and the times of their separation, t S1 , from the component S1 are marked by open triangles and filled triangles respectively. and a long-term rising trend (few decades). The later is seen also in the historical light curve of the optical continuum in 3C 390.3 (e.g. Shapovalova et al. 2001 ). It is remarkable, that all nine ejections are associated with nine optical flares happening on timescales from few months to few years ( Fig. 3 ). This suggests that the frequency of optical flares and the ejection rate of jet components are interconnected. A link between the optical flares and the stationary component S1 in the radio jet is suggested by a correlation between the maxima of optical flares and the characteristic epochs tS1 of the moving components C4-C12 (Fig. 3 ). For these nine components, the epochs tS1 of separation from the stationary feature S1 are coincident, within the errors, with the maxima in the optical continuum flares. All nine ejection events occur within ∼ 0.3 yr after a local maximum is reached in the intensity of the optical continuum. Considering that there are about 14 years of optical data, we estimate the probability that maxima of optical flares and ejections from S1 are associated by chance in the 0.3 yr window. The probability of any single ejection event at S1 occurring randomly less than 0.3 yr after a maximum of optical flare is about 0.02. The significance of the null hypothesis that all nine events happen by chance is ≈ 10 −10 and can be rejected at a confidence level of > 99.99 % (for a description of the statistical test see Marscher et al. 2002) . The significance is still high (≈ 10 −9 ) even without two components C4 and C8 for which the gaps in the optical data do not allow the timing of the optical maxima although the data is consistent with a maximum. This is a clear evidence that the passage of moving radio knots through the location of the stationary component S1 and optical continuum flares are physically related. The radio events follow the maxima of optical flares with the mean time delay of (≈ 0.10 ± 0.04) yr. The average distance between the region where the optical flare reaches maximum and the component S1 is measured to be 0.04 pc (or 0.36 pc from D) adopting that the knots propagate with the mean apparent speed ≈ c during the time period of ≃ 0.1 yr. Radio events are associated with optical flares occurring on time-scales of about a few months to a few years (Fig. 3) . The rise of all nine optical flares occurs between two radio events, the ejection from component D and separation from S1 ( Fig. 3) suggesting that the generation of variable optical emission happens in the innermost part of the jet, between D and S1, as a result of propagation of these ejections along the jet. The generation of optical flares and its characteristics such as the amplitude, timescale and the frequency are likely to be related to the properties of the subparsecscale jet: ejection rate, structure and kinematics. Therefore, understanding the physical nature of the regions D and S1 is important for understanding the structure of the central engine in 3C 390.3 and location of continuum source(s) producing the variable continuum radiation.
VARIABLE RADIO EMISSION OF THE STATIONARY COMPONENTS IN THE JET
Variations of the flux densities of D and S1 components of the jet (fD and fS1) are shown in Fig. 3 (cyan circles and cyan diamonds). The relatively sparse time sampling of the VLBI measurements does not allow us to test for a correlation between radio flares and epochs of ejections. Fractional variability amplitude of S1 (0.44 ± 0.18), defined as in Lu & Yu (2001) , is about two times higher than that of D and the optical emission (0.3 ± 0.17 and 0.24 ± 0.07, respectively). The optical and radio flux densities of D increase by the same factor (≈3 times) from 1996 to 2008 showing a surprisingly similar behaviour over a time period of 14 years, while the radio flares from S1, varying on scales from a few months to a few years, show some correlation with the optical flares having comparable timescales. Moreover, magnitudes of the optical and radio flares are comparable in S1, with the flux density varying by a factor of three for optical continuum flux and a factor of four in the radio. It is therefore likely that the optical variations on timescales of few decades are related to the radio variability of the component D, while the optical flares are coupled with radio flares of S1 component of the jet. We used the Z-transformed correlation function (Alexander 1997) to calculate the correlation between fopt and fS1 as this method can deal with sparsely sampled data. The correlation function between fopt and fS1 have two peaks at a timelag around −50 (Gliozzi et al. 2006 ) and the epoch of ejection of C8. Bottom: Soft X-ray fluxes at 0.1 keV to 2 keV (Leighly et al. 1997 ) and the epochs of ejection of C5 and C6. 1σ error bars are presented for all data.
flat shape and high correlation coefficient, around 0.85
−0.07 , with time lags from 200 days to 400 days and from -400 days to -500 days. The present data suggest a correlation between variations of optical and radio emission curves but uncertainties of the correlation coefficient are large (because of the poor radio sampling) for making final conclusions. A denser VLBI radio sampling covering a time period of several years is needed to improve the correlation observed between the radio and optical flares.
PHYSICAL IDENTIFICATION OF THE REGIONS D AND S1
The presence of several apparently stationary features in the radio jet of 3C 390.3 may be explained in several different ways. According to present models of relativistic jets (Marscher et al. 2008 , and references therein), the plasma material accreted onto central nucleus is collimated into the jet. At the base of the jet, the jet flow either becomes supersonic (Daly et al. 1988) or optically thin (Königl 1981; Lobanov 1998) or releases the energy contained in the Poynting flux (Romanova & Lovelace 1996) . The plasma material is then accelerated and collimated into continuous jet flow by helical magnetic fields on typical scales of ∼ 10
4
Schwarzschild radii. At the end of the acceleration and collimation zone ( 1 pc), the jet flow may become turbulent (due to weakening of the helical magnetic field) and end in a standing conical shock associated with the radio core of the jet (Marscher et al. 2008 ).
The link between the ejection epochs of jet components and the dip in the X-ray was found for two radio galaxies 3C 120 and 3C 111 (Marscher et al. 2002; Marscher 2006) . This correlation was interpreted as accretion of the X-rayemitting gas in the disk into the central black holes and ejection of a fraction of the infalling matter into the jet (Marscher et al. 2002) . We found a similar correlation between the ejection epochs of the components C5 and C8 and the dip in the X-ray flux (see Fig. 4 ) and hardening of the spectrum (Arshakian & Belloni 2006) . The ejection of C4 and C8 components happens during the dip in the X-ray flux suggesting that the component D is located near the black hole. Adopting an angle 2 of 50
• between the jet and the line of the sight, the corresponding de-projected distance between D and S1 is 0.3 pc/ sin 50
• ≈ 0.4 pc. The average brightness temperature of the component D,
11 K, is close to the inverse Compton limit ∼ 5 × 10 10 K (Kellermann & Pauliny-Toth 1969) while the T b (S1) ∼ 2.2 × 10 10 K of S1 component suggests that the synchrotron radiation mechanism maintains the approximate equipartition in energy between the particles and the magnetic field in the region around S1 (Readhead 1994) . The component D can be identified with the accretion disk or hot corona, actual base of the jet or the radio core.
The high brightness temperature rules out the D being the accretion disk or hot corona since the brightness temperature for three major accretion disk models is estimated to be less than 10 10 K. Standard disks are characterized by a balance between radiative cooling and viscous heating (Shakura & Sunyaev 1973) . For a typical quasar with M bh = 10 8 M ⊙ and L ∼ 10 38 W, the effective temperature will be T eff ∼ 10 5 K at a radius of r ∼ 100rs (rs = 2 G M bh /c 2 is the Schwarzschild radius for a black hole of mass M bh , where G is the Newtonian gravitational constant). However, a hot thin corona (kTe ∼ 70 − 250 keV; Te ∼ 0.8 − 3 × 10 9 K) above the disk layer can be a bright source of radiation by means of inverse Compton scattering of UV photons from the disk (Haardt & Maraschi 1991 . Advection-dominated accretion flow (ADAF) is radiatively inefficient so that most of heat produced through accretion is preserved (Narayan & Yi 1994 ). The ADAF model predicts that the mass accretion rate is a factor of ∼ 10 −4 of the Eddington limit and that the electron temperature is above 10 9 K for r < 100rs (Manmoto et al. 1997) . The slim disk model, with an extremely high mass accretion rate above the Eddington limit, was proposed by Abramowicz et al. (1988) . The disk is hotter than the standard disk because of the high accretion rate. The brightness of the blackbody radiation from slim disks is ∼ 10 6 K. However, as in the case of standard disks, a hot corona may produce a radiation with Te ∼ 0.8 − 3 × 10 9 K. The mean brightness temperature of the D component is higher than that of the S1, T b (D) > T b (S1), suggesting that D is the radio core of the jet rather than the base of the jet. Were D the core of the counterjet and S1 the core of the approaching jet, we should expect that fD < fS1 because of relativistic (Doppler) beaming effect. The fact that fD > fS1 over the 14 years of monitoring period (see Fig. 3 ) rules out D being the core of the counterjet. The component D should then be associated with the radio core of the jet and its emission is non-thermal and generated by inverse Compton mechanism (T b ∼ 1.2 × 10 11 K). Then the component S1 should be associated with the standing shock (a common feature seen in superluminal AGN) downstream from the radio core. This is supported by the average T b ∼ 2.2 × 10 10 K estimated for S1 component, which is close to the equipartition limit (∼ 5 × 10 10 K; Readhead 1994). Alternative scenario assumes that the component D is the base of the jet located in the immediate vicinity of the central black hole. Then the S1 stationary feature should be the radio core of the jet. Location of D near the accretion disk is supported from the X-ray data (Fig. 4) . Very longterm variations (on time-scales of decades) of radio emission from D component is not characteristic for the jet emission which varies on time scales from months to years. Variations from D component on time-scales of decades mimic very long-term variations of optical continuum emission (Fig. 3) which is probably generated in or above a hot corona at a distance ∼200 Rs above the accretion disk (Fabian 2004; Ponti et al. 2004 ). The non-thermal radio emission at the base of the jet can be generated by synchrotron or inverse Compton (T b (D) ∼ 1.2 × 10 11 K) mechanisms by free electrons of corona accelerated in the rotating and twisted magnetic fields generated by the accretion disk.
Another possibility is that D and S1 are two independent, active nuclei in the binary black hole system. The binary black hole scenario cannot explain the correlated, simultaneous variability of the red and blue wings of the Hβ line (Shapovalova et al. 2001) . If the two black holes are located in D and S1, the total mass of the binary must exceed ∼ 5 × 10 9 (P obs /1000 yr) M⊙. The observed radial velocity changes indicate a possible periodicity shorter than 100 yr (Shapovalova et al. 2001) , pushing the total mass of the binary to ∼ 10 11 M⊙, in contradiction with the mass of ∼ 4 × 10 8 M⊙ measured using the reverberation mapping technique (Kaspi et al. 2000) . The trends observed in the radial velocities cannot be reconciled with the orbital motion in a binary black hole (Eracleous et al. 1997 ). Thus it is also difficult to use a binary system with two black holes located in D and S1 as an explanation for the observed properties of 3C 390.3.
To understand the radiation mechanism and structure of the inner nuclear region of radio-loud galaxy 3C 390.3, it is fundamental to identify and locate the D and S1 regions. This requires multi-frequency VLBI observations to measure the spectral index and polarization of stationary components of the compact jet. Soldi et al. (2008) have carried out multiwavelength of the quasar 3C 273 (Soldi et al. 2008) , and have shown that its emission is complex due to the presence of many emission regions in the central engine. They suggested that variable optical emission is non-thermal and it is likely to be generated in the base of the jet. Evidence for optical synchrotron emission generated in and near the radio core of the jet comes from monitoring of radio and optical polarized emission of the quasar PKS 0420-014 (D'Arcangelo et al. 2007) . Concurrent changes of the polarization angle at optical and radio (43 GHz) indicate that these variable emission is nonthermal and originate in the same region around the radio core. While the emission of the accretion disk is viewed directly for a quasar, it is hidden in radio galaxies by the dusty torus. Very weak (or absent) blue bump in 3C 390.3 (Wamsteker et al. 1997) indicates that the accretion disk is obscured and most of variable optical continuum emission could be generated in the jet.
DISCUSSION AND CONCLUSIONS
The significant correlation found between the optical flares and the epochs tS1 can be interpreted in terms of disturbances (radio knots) propagating from the location of D component to the S1 stationary component. If the component D is the base of the jet then the following physical scenario is likely. A portion of the disk X-ray emitting material accreted onto central nucleus is ejected from the base of the jet (in the immediate vicinity from the black hole) at the epoch tD. The knot of electrons accelerated to high energies radiates a rising emission in X-ray, optical and radio as it propagates upstream from the base of the jet. The jet becomes visible in radio at tS1 because of the emitting region of the jet becoming optically thin or denser (Königl 1981; Romanova & Lovelace 1996) . Alternatively, if the component D is the core of the jet then the rising synchrotron emission from X-ray to radio bands can be produced between D and S1 components by acceleration of the knot (shock?) in a helical magnetic field (Marscher et al. 2008 ) and/or evolution of the shock spectrum (or turnover frequency; Valtaoja et al. 1992) . The minimum Doppler factor Dmin = 1.5 is required to increase the optical flux by factor of 2.5 (see Fig. 3 ), if the jet flow accelerates from γ = 1 to γ = 2 and the apparent speed of the jet is 1.6c. This value Dmin = 1.5 is in reasonably good agreement with the measured variable Doppler factor ≈ 1.2 (Lähteenmäki & Valtaoja 1999) . Then the component S1 should be a standing shock formed by continuous relativistic flow (Gómez et al. 1995) . The moving knot would be compressed by the shock wave thus producing variable emission in a wide range of electromagnetic spectrum as indicated from multiwaveband polarization variability (D'Arcangelo et al. 2007) . As the disturbance passes the standing shock S1, which manifests the end of the acceleration zone, it expands adiabatically because of low magnetic field strength and low electron density, and the optical flux drops down on time scales of 1 yr, while the high frequency radio emission lasts much longer because low-energy electrons have longer lifetimes. In this scenario, the timescale and amplitude of non-thermal optical flares depend on kinematics and emitting power of moving perturbations in the innermost subparsec-scale region of the jet.
Variations of the broad-line emission in 3C 390.3 follow the optical continuum with some time delay which is estimated by various authors to be in the range from about 20 days to 100 days (Wandel et al. 1999; Kaspi et al. 2000; Shapovalova et al. 2001; Sergeev et al. 2002) . If the variable optical emission is being generated by shocks in the innermost part of the jet then the beamed continuum emission from the jet must ionize the gas around the jet thus producing the BLR downstream from the 'classical' virialized BLR ionized by the optical emission generated in the accretion disk. An outflowing, non-virialized BLR can be generated in the rotating subrelativistic outflow (Murray et al. 1997; Proga et al. 2000) surrounding the jet. In BL Lac type objects (in which the jet oriented near the line-of-sight) moving superluminal components also may produce the shortterm radio flares, optical, X-ray and even gamma-ray flares (Marscher et al. 2008 ) when passing near the line-of-sight of the observer. In the case of 3C 390.3 the jet is inclined at ≈ 50
• , hence, the Doppler beaming of continuum emission is weak towards the observer but the emission is enhanced in the direction of the jet and able to ionize the conical outflowing BLR with a half-opening angle 2 ψ ≈ γ −1 ∼ 30
• . In radio-loud galaxies there could be two regions of generation of variable optical emission, non-thermal emission in the innermost part of the jet and thermal optical emission in the accretion disk.
The existence of the jet-excited outflowing BLR in 3C 390.3 will question the assumption of virilized motion in the BLR (Kaspi et al. 2000) of all radio-loud AGN, galaxies and quasars, and, hence, the applicability of the reverberation mapping to estimate the black hole masses of radio-loud AGN. Time delays and profile widths measured during periods when the jet emission is dominant may not necessarily reflect the Keplerian motion in the disk, but rather trace the rotation and outward motion in an outflow. This can result in large errors in estimates of black hole masses made from monitoring of the broad-line emission. In the case of 3C 390.3, the black hole mass (2.1 × 10 9 M⊙) estimated effectively from the measurements near the maximum in the continuum light curve (Shapovalova et al. 2001 ) is significantly larger than the values ((3.5 to 4)×10 8 M⊙) reported in other works (Wandel et al. 1999; Kaspi et al. 2000) . This difference is reconciled by considering the line width (vFWHM ≈ 10500 km s −1 ) and the time delay (τ ≈ 24 days) between the optical continuum and line fluxes near the minimum of the continuum light curve, which yields M bh ≈ 1.45 × 10
The possible existence of an outflow-like region in a number of radio-loud AGN should be taken into account when estimates of the nuclear mass are made from the variability of broad emission lines.
The presence of the jet-excited nonvirial BLR in radioloud AGN is capable of explaining some of the spectral characteristics of emission lines. Depending on the orientation of the jet, the approaching and rotating outflow material in the BLR will imprint prominent signatures on the emission lines. At small viewing angles of the jet this BLR may produce blue-shifted and single-peaked broad emission lines, while non-shifted and double-peak emission lines (Eracleous & Halpern 2003) will be observed at large angles of the outflowing BLR to the line of sight. The narrow emission lines will have similar characteristics (Boroson 2005) being ionized in the approaching subrelativistic outflow by the beamed continuum emission of the jet.
The correlation found for 3C 390.3, between the epochs of maxima in optical flares and passing of radio knots through S1 component, is also confirmed for the radio galaxy 3C 120 (León-Tavares et al. 2009). To check whether this correlation is common for other galaxies we conducted coordinated long-term radio-optical observations of several nearby radio-loud galaxies. A denser VLBI radio sampling covering a time period of several years is required to resolve the correlation between variabilities of the radio emission of the jet components and the optical continuum, and further to constrain the models for the nuclear region of radio-loud galaxies.
The principal results of this work comes from analysis of combined radio VLBI (15 GHz), optical/UV and X-ray data of the radio-loud galaxy 3C 390.3, and they can be summarized as follows:
(i) Structure of the parsec-scale jet: from ten epochs of VLBI observations we identified three stationary components (D, S1 and S2) and nine moving components (C4-C12) of the jet on scales of a few parsecs. Apparent speeds of moving components are estimated to be in the range from 0.7 c to 1.6 c.
(ii) We found a new correlation between the local maxima in the optical continuum light curve and the epochs at which the moving components of the jet pass the stationary radio feature S1. Nine radio events follow the peaks of optical flares with the mean time delay of 1.2 ± 0.4 months. Optical flares brighten when radio knots move between stationary components D and S1.
(iii) Identification and location of D and S1 regions: analysis of available archival X-ray monitoring data and ejection epochs of two components, C5 and C8, revealed that the ejection of these components from D occurs during the dip in the X-ray emission. It is most likely that the component D is associated with the VLBI core of the jet (rather than the base of the jet) and the component S1 is a standing shock located at a distance of ≈ 0.4 pc downstream from the component D.
(iv) These results have important implications for the structure of the sub-parsec-scale nuclear region of the radioloud galaxy 3C 390.3. We suggest that the relativistic plasma of the jet is a dominant source of variable optical continuum emission: the bulk of optical continuum optical emission on timescales from few months to years are likely to be generated by knots of high-energy electrons propagating in the innermost 0.4 pc region of the jet between stationary components D and S1. In this scenario, the timescale, amplitude and frequency of optical synchrotron flares depend on energetics, kinematics and rate of ejected radio knots. The beamed continuum emission from the jet ionizes a gas in a subrelativistic outflow along the jet, which results in a formation of two non-virialized outflowing BLRs along the jet and counterjet.
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Properties of individual emitting regions in the radio jet are determined by fitting Gaussian patterns to interferometric amplitudes and phase closures. Errors of the modelfits are estimated by varying the best fit parameters and determining 1-σ confidence limits from the resulting χ 2 distribution. This method accounts for correlations between parameters of adjacent modelfit components and provides conservative error estimates. Fidelity of the component sizes and separations obtained from the modelfits is further examined by comparing them with resolution limits calculated from the SNR of the detections. The resolution limit, θmin, can be estimated for a Gaussian modelfit component from θmin = 16 ln 2 π ln S S − 1 bmaj bmin
1/2
, where S is the signal-to-noise of component detection and bmaj, bmin are the major and minor axis of the point-spread function derived from the interferometric coverage of the data. The limiting separation, rmin, at which two Gaussian components with sizes θ1,2 can be fitted adequately to visibility data can be estimated from , where θmin,1 and θmin,2 are the minimum resolvable sizes for the two components. Table A2 lists the ratios between the measured sizes of and separations of the components D and S1 and their respective limiting values. For resolved components the ratios between the measured sizes θ and their respective θmin are larger than unity. For the component separations, ratios large than unity imply that the components parameters can be reliably estimated from the modelfit. The SNR of detection varies from 30 to 900 for S1 and from 100 to 860 for D and the corresponding resolution limits are smaller than 0.2 mas for both features. The ratios between measured and limiting sizes and separations of D and S1 indicate that only the size measurements made for the first data point for S1 and the last one for D are coming close to the resolution limits, while all other measurements are certainly above these limits, both for the component sizes and separations. The limiting ratios and separations can be used to estimate the probability of the component flux to be correlated: This formula gives pc ≡ 1 for two identical Gaussian features separated by rmin. The correlation probabilities (listed in the last column of Table A2 ) are smaller than 6 % for all of the model fits, implying that the flux densities of the component D and S1 estimated from these modelfits are uncorrelated. This paper has been typeset from a T E X/ L A T E X file prepared by the author. 
